troke classification is crucial to perform clinical trials, epidemiological studies, phenotyping for genetic studies, and classify patients to evaluate best treatment strategy. Precise analysis of stroke subtypes requires the integration of clinical features, diagnostic test findings, and knowledge about potential etiologic factors. With improvement of noninvasive brain and cardiovascular imaging, as well as biological tests, the amount of available information is fast increasing. Current classifications only consider the most likely cause, neglecting the overlap between diseases.
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in Stroke and Atherosclerotic Disease (AMISTAD) cohort and their prognostic implication using a revised ASCOD classification.
Material and Methods

Study Population
We analyzed patients in the AMISTAD study, designed to assess the prevalence and impact of systemic atherosclerosis on short and long-term recurrence risk. 8 Between June 2005 and December 2008, 785 patients were consecutively assessed for eligibility and 405 patients with ischemic stroke documented by neuroimaging were enrolled consecutively within 10 days of symptom onset ( Figure I in the online-only Data Supplement). Patients with dissection were excluded. Pregnant women or patients with other nonvascular diseases associated with life expectancy of <30 months were not eligible. Informed consent was obtained from patient or surrogate, and the research protocol was approved by the Ethics Committee of Paris Bichat-Claude Bernard.
Investigations and Data Collection
All patients had a standardized evaluation, including medical history, physical examination, routine blood biochemistry, cerebral imaging (MRI and/or computed tomographic scan), vascular imaging of cerebral arteries (supra-aortic trunks or transcranial Doppler, MRA, and computed tomography angiography), and cardiac evaluation included a 12-lead ECG (and Holter monitoring) and echocardiography (transthoracic±transesophageal echocardiogram). In addition, all included patients underwent coronary angiography except if they had history of coronary artery disease (defined as acute coronary syndrome, myocardial infarction, or prior coronary revascularization) and underwent a Doppler ultrasonography of abdominal and femoral arteries.
Stroke Subtype Classification
All cases were classified by a single trained stroke neurologist (G.S.) after consensual review of 30 cases (G.S., P.A.) using the revised version of ASCO classification, named ASCOD. 9 The ASCO classification categorizes 4 predefined phenotypes: atherosclerosis (A), SVD (S), cardiac pathology (C), and other causes (O). Each of the 4 phenotypes is graded according to following categories: 1 when the disease is a potential cause of the index stroke, 2 when causality is uncertain, 3 when the disease is present but is unlikely a direct cause, 0 when the disease is absent, and 9 when the workup is insufficient to rule out the disease. 6 In the revised version, dissection has been separated from the group of other causes because of its high frequency in young stroke patients and diagnostic specificities; therefore, this additional phenotype modified the classification name. In addition, the cerebral artery luminal stenosis cutoff point considered as a potential cause of stroke was ≥50% rather than the more stringent 70%, in agreement with current recommendations. 10, 11 Full details of the revised version are available in the online-only Data Supplement. The same stroke neurologists (G.S.) who had classified the 405 cases with ASCOD performed a second independent classification in 30 randomly cases with sufficient workup to grade all phenotypes. Only 2 discordances (6.7%) were found between the 2 readings: 1 in S phenotype (S0 versus S3) and 1 in C phenotype (C2 versus C3).
Follow-up
Follow-up visits were scheduled between 3 and 6 months after enrollment and every year thereafter. The current report is based on the database lock in December 2011, when the last patient completed a 3-year follow-up. At each follow-up visit, treatment, blood pressure (BP), lipid profile (except at sixth month), and any occurrence of clinical events or hospitalizations were recorded. The main outcome was the time to the first major vascular event, including vascular death, nonfatal cardiac event, nonfatal stroke, or major peripheral arterial event.
Statistical Analysis
Continuous variables are expressed as mean (SD), and categorical variables are expressed as frequencies (percentages). The differences in baseline characteristics between ASCOD grades for main phenotypes (atherosclerosis, cardiac pathology, and SVD) were tested using the test for trend in ANOVA for continuous variable and CochranMantel-Haenszel analysis for categorical variables. Comparison among grades for a given phenotype was adjusted for grades for other main phenotype. All baseline characteristics associated with grade for a given phenotype (with a P value <0.10) were further included in multivariate ordinal logistic regression model. Using grades 1 and 2, patients were divided into 2 groups according to the presence of an overlap between the main phenotype. Comparison in baseline characteristics between the 2 groups was done using Student t test (continuous variable) and χ 2 test (categorical variable). Multivariate analysis was done using logistic regression model.
We estimated and compared the 3-year major vascular event rates among ASCOD grades for main phenotype using the Kaplan-Meier method and log-rank test. Patients who died from nonvascular causes were censored at the time of death. We estimated the relative risk of vascular events associated with ASCOD grades through the calculation of hazard ratio using grade 0 as reference. Estimates were calculated from a Cox proportional hazards model including the ASCOD grades for 3 main phenotypes together.
Regarding the low number of patients with grade 2 evidence for SVD (n=7), the grades 1 and 2 were pooled together in all analysis. Statistical testing was done at the 2-tailed α level of 0.05. Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC).
Results
Of the 405 patients enrolled in AMISTAD, ASCOD could be adjudicated on the basis of case report forms and imaging files in 403 patients. Demographic, risk factors, and investigation profiles of this study sample are available in Table II in the online-only Data Supplement. All patients had undergone ≥1 cerebral imaging (computed tomographic scan, 84.1%; diffusion-weighted imaging MRI, 93.5%; fluid attenuated inversion recovery MRI, 87.1%; and T2-weighted gradient echo sequence MRI, 83.6%), 1 arterial vascular imaging (supraaortic trunks Doppler, 99.8%; extracranial angiography, 76.7%; transcranial Doppler, 99.0%; and intracranial angiography, 93.8%), and 1 ECG/Holter at hospital admission; 377 (94%) of them had undergone echocardiography, including transesophageal imaging in 317 patients. Of the 377 patients with MRI, 324 (86%) had diffusion-weighted imaging, fluid attenuated inversion recovery, and T2-weighted gradient echo sequences.
ASCOD Results
Atherosclerosis was the most prevalent underlying disease (grades 1+2+3=90%), as well as the most frequent causal underlying disease, with 43% of patients graded as A1 and 15% as A2 (Table 1) . SVD was also highly prevalent (grades 1+2+3=66%) but was considered potentially causal or with uncertain causality in only 13% of patients. Cardiac pathology was present in 52% of patients and was the second most frequent causal underlying disease (C1=23% and C2=14%). Other causes (O1+O2+O3) were found in 14 patients (3.5%). Eight patients (2%) could not be classified into 1 of the 5 categories because of insufficient workup. In 395 patients with sufficient workup to grade all phenotypes, 61 different ASCOD patterns were found. The most frequent ASCOD pattern was A1-S3-C0-O0-D0 (n=54) followed by A1-S0-C0-O0-D0 (n=30). 
Overlap in Main Phenotypes
We investigated the overlap among the 3 main phenotypes in 395 patients with sufficient workup to grade all phenotypes ( Figure 1 ). Considering grade 1 (as other classification systems do, such as TOAST [Trial of ORG 10172 in acute stroke treatment]), 8% of patients had multiple underlying diseases (25 patients were both A1 and C1, 5 were both A1 and S1, and 3 were C1 and S1). The rate of patients with overlapping underlying disease increased to 25% when grades 1 and 2 were considered and increased to 80% when considering all 3 grades (Figure 1 ). The main overlap was found between atherosclerosis and cardiac pathology, when only grade 1 was considered (n=25 [6%]), as well as when considering grades 1+2 (n=73 [18%]). Among 90 patients classified C1, atherosclerosis was present in 92% of cases and was considered as potentially causal in 28% and with uncertain causality in another 20% (Figure 2 ). Conversely, among 168 patients classified A1, cardiac pathology was present in 47% of cases and was considered as potentially causal in 15% and with uncertain causality in another 15%. Figure 2 also shows that C2 and C3 patients have a high prevalence of atherosclerotic disease, being present in almost all patients, and of SVD.
Risk Factor Profile of Main Phenotypes
Demographics and risk factors by ASCOD grades for main phenotypes are available in Tables III to V in the onlineonly Data Supplement. In multivariate analysis adjusting for cardiac pathology and SVD grades, age, men, sex, hypertension history, and baseline systolic BP (SBP) were independently associated with increased likelihood of causal link for atherosclerosis. In multivariate analysis adjusting for atherosclerosis and SVD grades, age, hypertension history, and current smoking were independently associated with increased likelihood of causal link for cardiac pathology. In multivariate analysis adjusting for cardiac pathology and atherosclerosis grades, hypertension history, baseline SBP, and absence of coronary heart disease history (personal or familial) were independently associated with increased likelihood of causal link for SVD.
As shown in Table 2 , age, hypertension history, baseline SBP, dyslipidemia, personal stroke history, and coronary heart disease were associated with more as compared with less overlap in the main phenotypes (using grade 1 or 2 for more overlap, and grade 0 or 3 for less overlap). Except age and history of stroke, all of these risk factors remained significantly associated with an overlap in multivariate analysis.
Vascular Risk Recurrence of Main Phenotypes
Among 392 patients with ≥1 postbaseline follow-up visit and sufficient workup to grade all phenotypes, 53 patients experienced ≥1 major vascular events during a 3-year follow-up; there were 14 vascular deaths (including 12 from cardiac disease), 20 first nonfatal coronary events (5 nonfatal myocardial infarctions, 1 resuscitated cardiac arrests, and 14 hospitalizations for unstable angina or heart failure), 15 nonfatal strokes, and 13 peripheral arterial disease events. Events occurred despite a high rate of self-reported medication adherence after discharge (Table VI in the online-only Data Supplement). At discharge, 81% of patients were receiving BP-lowering therapy (57% were treated by dual or triple therapy), 90% were receiving statins, 22% were receiving antidiabetic drugs, and 97% were receiving antithrombotic therapy. In addition, SBP and low-density lipoprotein-cholesterol levels decreased Values represent number (%). SVD indicates small vessel disease. significantly during 1-year follow-up period (9 mm Hg and 40 mg/dL, respectively). Regarding the ASCOD phenotyping, a significant difference in SBP change was found among ASCOD grades for cardiac pathology and SVD ( Figure II in the online-only Data Supplement). Except lower change in low-density lipoprotein-cholesterol for C1 in comparison with C0, C3, and C2, no difference was found among ASCOD grades. As shown in Figure 3 , the risk for combined major vascular events differed significantly among ASCOD grades for cardiac pathology (P<0.001). No such differences were found among ASCOD grades for atherosclerosis or among ASCOD grades for SVD (Table 3) . In multivariate analysis, including ASCOD grades for the 3 main phenotypes, the graded increase in the risk observed for cardiac pathology remained significant. Using C0 as reference, the multivariate hazard ratios (95% confidence interval) were 2.80 (1.20-6.54) for C3, 3.18 (1.36-7.42) for C2, and 5.32 (2.49-11.34) for C1.
Discussion
In this cohort of 403 stroke patients, the ASCOD phenotyping captured and weighted the overlap between diseases underlying ischemic stroke. Being present in 90% of cases, atherosclerotic disease was highly prevalent and considered potentially causal (A1) in 43% of patients. SVD was present in 66% of cases, although it was considered potentially causal (S1) in only 11% of patients, and cardiac pathology was present in 52% of cases, but was potentially causal in 23% of patients. As shown in Figure 2 , the overlap is even more important than anticipated, with, for example, 92% of patients C1 having also any form of atherosclerotic disease (A1, A2, or A3).
ASCOD phenotyping provided additional information not available using a causative classification 4, 12 with a good diagnostic accuracy, as shown by the observed intrarater agreement and the previous published inter-rate agreement on the original ASCO classification. 4 The ASCOD phenotyping takes into account underlying diseases or abnormalities that are not necessarily causally related to the index stroke, such as leukoaraiosis and microbleeds (that witness SVD) or atherosclerotic stenosis in opposite circulation. Retaining all abnormalities, ASCOD is immediately spendable for the purpose of comprehensive phenotyping, whereas using causative classifications restricts the analyses to cases deemed to be causally related to the index stroke neglecting other patients with the same underlying disease for whom the degree of causal relationship with the index stroke is deemed to be low. For instance, when targeting SVD for a phenotype-genotype correlation study, should we consider only 13% of patients S1 (as it was done in previous genetic studies) 13 or 66% of patients with any form of SVD? Investigating genetic markers linked to SVD, it may be justified to include patients with severe leukoaraiosis, microbleeds, or both even when the index stroke is not attributable to this pathological mechanism. Detecting more specific subgroups, phenotypic systems such as ASCOD may facilitate studying genetic and environmental risk factors.
It would be wrong to multiply combinations of phenotypes that could lead to say that ASCOD has 625 different phenotypes. By phenotype we meant only 5 phenotypes derived from ASCOD: atherosclerotic phenotype, SVD phenotype, cardiac pathology phenotype, other cause phenotype, and dissection phenotype. With ASCOD, each phenotype for a given patient has a weight depending on the likelihood of a causal relationship and is described in every patient.
The ASCOD phenotyping no longer has a cryptogenic or unknown cause or undetermined origin group. In causative classifications, this categorization is only reflecting our failure to identify a direct cause among mixed underlying abnormalities or diseases. This group is unlikely to be useful for selecting patients in therapeutic trial, given the difficulty for 1 neurologist to another, or for primary care physicians and regulators to clearly delineate this population of patients and have a common, validated definition. Figure 2 also shows that C2 and C3 patients (those among whom patent foramen ovale closure trials are recruiting) have a high prevalence of atherosclerotic disease, being present in almost all patients, and of SVD. Patients that could also be classified as embolic stroke of unknown source or cryptogenic in causative classification systems are A2, A3, C2, C3, O2, and O3, in ASCOD, meaning that using ASCOD, a patient being cryptogenic in TOAST has in fact atherosclerotic disease (eg, A2 or A3) with ASCOD or another underlying pathology. We move from a negative message to the cryptogenic stroke patient with TOAST (ie, we do not know what you have) to a positive message with ASCOD (ie, you have atherosclerotic disease, and you will be treated as such).
ASCOD phenotyping may also improve current methods to select stroke patients for clinical trials targeting a specific disease (eg, selection of patients with atherosclerotic phenotype). It is interesting to note that, during a 3-year follow-up, there was no significant difference in the risk of major vascular events among A1, A2, and A3, or among S1, S2, and S3. This means that in ischemic stroke, patients with any form of underlying atherosclerotic disease, the risk is similar across all grades. Therefore, in clinical trials of antithrombotic agents, we can simply select patients with A1, A2, and A3 if we want to target atherosclerotic disease-related stroke, and we can also exclude S1 and S2 if we want to reduce the bleeding complication risk because SVD is associated with a higher bleeding risk than other stroke causes.
14 Regarding cardiac pathology, we found a significant difference between the risk of major vascular events, with a gradual increase for C0, C3, C2, and C1. This probably reflects the fact that the components of grades C3 and C2 have a much lower risk than the components of grade C1 (eg, the risk associated with strands, C3, is known to be much lower than the risk associated with atrial fibrillation, C1), 15 whereas the global risk associated with carotid plaque or contralateral carotid stenosis, A3, is as high as the global risk associated with severe ipsilateral stenosis, A1. These findings underline the need of investigating what is hidden in the large group elsewhere classified as undetermined cause because a patient classified A3 in ASCOD may require a different management compared with a patient in whom the disease is completely absent. The mere presence of atherosclerotic plaque in an arterial territory represents a marker of atherosclerosis disease per se associated with an increased vascular risk. 16 For instance, statin therapy showed greater benefit in stroke patients with atherosclerosis disease, 17, 18 and this has been translated in guidelines. 19 Our study had strengths and limitations. First, our study was not population based, but it was hospital based in one of the largest stroke units in Paris, France, working as primary care referral center for acute stroke admissions with dedicated catchment area. Second, we have excluded the most severe stroke patients (Rankin 5, ie, bedridden patients) who are likely to die from their index stroke. Regarding the main objective of AMISTAD study, we also excluded the patients with carotid or vertebral artery dissection. Therefore, we could not exclude that these selection criteria biased the results somewhat, and we caution that the present study was limited to the main ischemic stroke phenotypes. Finally, the observed 3-year risk for incident major vascular events was lower than expected, likely because of the best medical care applied to these patients, as exemplified by an average 40 mg/ dL low-density lipoprotein-cholesterol reduction after the Stroke-Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL), 20 or by average 9 mm Hg SBP reduction after the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) trial. 21 For this reason, we cannot exclude the possibility of a lack of statistical power to detect difference among ASCOD grades.
In conclusion, ASCOD phenotyping shows that, regardless the disease deemed to be actually causal, the large overlap among the 3 main diseases in ischemic stroke patients, and the high prevalence of any form of atherosclerotic disease, reinforces the need to control atherosclerotic risk factors systematically in all ischemic strokes. 
SUPPLEMENTARY MATERIAL
Supplementary Method The methods of the A-S-C-O-D (Revised ASCO classification) :
In ASCOD, every patient should be graded in 5 predefined phenotypes : A (atheroclerosis) -If the disease is present and can potentially be a cause, grade is 1.
-If the disease is present, but the causal link is uncertain, grade is 2.
-If the disease is present, but the causal link is unlikely, grade is 3.
To determine the degree of causality, a number of diagnostic tests must be performed. These diagnostic tests are described for each category in table S1.
If after a minimum work-up has been performed, the disease is not detected, grade is 0. In case of incomplete work-up (e.g, a minimal work-up has not been performed) to rule out the disease, grade is 9 (table S1). 
